Abstract
Introduction
White yams (Dioscorea rotundata) are very nutritious and are an excellent source of energy and dietary fiber [1, 2, 3, 4, 5, 6] . Yams are eaten routinely and they constitute a dominant portion of the standard diet for many people. They are used, worldwide, in many different recipes. For this reason, there is a need for these commodities to be transported to the many locations where they are consumed. However, they are heavy, constituting of at least 70% water. Dehydrating yams like most foods and agricultural products are becoming an essential method of processing before being shipped to where they will be consumed. Dehydration is also performed for preservation purposes.
The dependence of many dehydrated food and agricultural commodities in the present marketplace is increasing as this is a means of extending the length of time that the products may be stored without becoming unfit for future use. Rehydration operations, therefore, are gaining importance as these dried products will need to be rehydrated before use. There is, therefore, need to understand the issues relating rehydration operations concerning the design and the operations of these processes.
Mathematical modeling has been useful in the study, design, optimization, and operations of these rehydration processes [7, 8] . This study involves investigating the rehydration kinetics and estimating other rehydration characteristics of the dehydrated products.
The models that have been used to study the rehydration characteristics of foods are the Peleg model [9] , the Weibull distribution model [10, 11, 12] and the exponential model [9, 13] .
However, for accurate use of these models, more knowledge, in addition to the rehydration data and knowledge of some physical parameter(s) of the product being studied, is required. For the Peleg, [14] , Weibull distribution and Exponential models knowledge of the initial moisture content before rehydration is required. For the Exponential model, the equilibrium moisture content also, needs to be known; and for the Weibull model, knowledge of scale and shape parameters of the samples are required [15] . Presented in this study is a new rehydration model for yam that requires only the moisture content rehydration data, and a comparison of all the four (4) rehydration models are performed.
Materials and Methods

Sample Preparation
White yam tubers acquired from the local market were washed, peeled, cut into 3 mm thick slices. The slices were dried in a Refractance Window TM dryer until the moisture content was about 0.03g-water/g-solid. The dehydrated samples were kept in air-tight polyethylene bags and stored in a refrigerator until further use in the rehydration experiments.
Rehydration experiments
The dried samples were brought to room temperature before starting the rehydration experiments. Rehydration of the samples was done in 250-mL beakers filled with distilled water. The beakers were immesed in a thermostatically controlled water bath, and each set of experiments was performed at 27 The temperature of the water inside the beakers was determimed with a thermocouple. A perforated plexiglass cup was used to cover the samples to ensure they were entirely immersed in the water in the beakers during rehydration. After rehydration, the water was drained from the flask, and excess water on the samples was removed using tissue paper. The samples were then weighed. The moisture content of the samples was determined using an OHAUS moisture analyser [16] . Every experiment was done in triplicate.
Modelling The rehydration ratio
The rehydration ratio (RR) was calculated according to equation 1. RR = Wt/Wo 1 where Wt is the mass of rehydrated sample at time t and Wo is the initial mass of sample to be rehydrated.
The rehydration ratios and rehydration times were correlated first according to the two term exponential equation of the form given in equation 2 and then with the second order polynomial equation of the form given in equation 3 [17] . RR = = p1*exp(p2*t) + p3*exp(p4*t) 2 where p1, p2, p3, and p4, are constants observed from regression analysis and t is the rehydration time in minutes. RR = p5*t 2 + p6*t+ p7 3 where p5, p6, and p7, are constants observed from regression analysis and t is the rehydration time in minutes.
Modelling The rehydration data
The experimental rehydration kinetics data were fitted to the equations 4, 5, 6 and 7 to determine the model that best describes the rehydration kinetics of the yam slices.
Peleg
Mt = Mo + (t/(a+bt) 4
Weibull
where Mt is the moisture contents at time t, Mo is the initial moisture content, Me is the equilibrium moisture content, and α, β, a, b, c, d, g ,h, j, and q are constants observed from regression analysis
For quality fit, the coefficient of determination (R 2 ), should be closest to unity while the sum of square-error (SSE), and the root-mean-square-error (RMSE) should closest to zero. The methods of estimating R 2 , SSE and RMSE are discussed extensively in the literature [18, 19] . In this work, the software package from Matrix Laboratory (MATLAB) was used to perform the statistical analysis.
RESULTS AND DISCUSSIONS
Evaluation of the Rehydration Ratio models
Four sets of rehydration experiments were performed at rehydration water temperatures of 27, 40, 60, and 80 o C. The rehydration ratio at each rehydration time was calculated according to equation 1 using the weight data obtained during the rehydration experiments. Table 1 presents the statistical parameters when the rehydration ratios were correlated with rehydration time according to equations of the form given in equation 2 and 3. Table 1 clearly indicates that the two-term exponential model fits the rehydration ratio vs. time data better than the polynomial model. For the two-term exponential equation form, the R 2 values were closer to unity and the SSE and RMSE values were closer to zero than the polynomial equation form. Table 2 shows the constants obtained with a 95% confidence bound, by fitting the rehydration ratio data to the exponential equation form presented in equation 2. Table 1 .
Evaluation of the Rehydration kinetics models
The moisture content data obtained from the rehydration experiments were fitted to the New Model, the Weibull model, the Peleg model, and the Exponential model presented in equations 4, 5, 6 and 7. Table 3 presents the statistical results of correlating the moisture content rehydration data using the Peleg, Weibull, and Exponential and New models. For quality fit, the model chosen to best fit the rehydration kinetics of the yam slices is the one that meets the following three criteria: R 2 is closest to unity, and SSE and RMSE are closest to zero. While most of the models fitted the moisture content experimental data with a coefficient of variance values exceeding 0.9600, the R 2 for the New model was the one closest to unity for all the temperatures. Also, for the temperatures considered, the SSE, and RMSE, values were the least for the New model. The implications are that the New model best fits the rehydration data among the models examined. However, the SSE, and RMSE values are large. This implies that the model should only be used in the range of process conditions studied and should not be used for predictions outside that range. The coefficients obtained by fitting rehydration moisture content data to the new model for the yam slices is presented in Table 4 . To further validate that the new rehydration model best fits the moisture content rehydration data, a simple linear regression analysis was performed between the experimental and predicted rehydration values. The relationship between the experimental and predicted rehydration moisture content values is also presented in Table 5 . 
Conclusions
White yam (Dioscorea rotundata) slices, 3.0 mm thick, were dehydrated in a Refractance Window TM dryer. The dehydrated yam slices were rehydrated at 27, 40, 60 and 80 o C. Mass and moisture content variation data with time were collected. By fitting the mass rehydration data to rehydration ratio models and the moisture content rehydration data to rehydration kinetics data, the following are the conclusions,.
The two-term exponential equation fits the rehydration ratio variation data better than the second order polynomial equation proposed by Singh and Pandey [17] . For the rehydration temperatures considered, the R 2 values for the two-term exponential equation were closest to unity in all cases. For the samples rehydrated at 27, 40, 60 and 80 o C, R 2 , for the two-term exponential equations was 0.9966, 0.9860, 0.9903, and 0.9864 respectively as opposed to 0.9245, 0.9447, 0.9420 and 0.9803 for the second-order polynomial equation. Also, for the samples rehydrated at 27, 40, 60 and 80 o C, the root-mean-square-error (RMSE) were 0.0180, 0.0311, 0.0214 and 0.0317 respectively and the sum-of-squared-error (SSE) were 0.0032, 0.0097, 0.0046 and 0.0100 respectively. All the RMSE and SSE values are close to zero.
When rehydrating the slices, the mass (Fig. 1 ) and moisture content (Fig. 2) values reached higher values for the same rehydration time as the temperature increased. The rehydration ratio and moisture content for the slices rehydrated at 80 o C were about 50% higher for samples rehydrated at 27 o C after ten minutes.
For the moisture rehydration data, the new model better fits the rehydration kinetics than the Peleg, Weibull and Exponential rehydration models for the process temperatures studied. Among the models investigated, the R 2 value for the new models was closest to unity for all the process temperatures studied.
